Several studies, using pH monitoring with event markers, have identified patients with normal oesophageal exposure to acid despite an apparent relation between symptoms and reflux episodes. In this series of 771 consecutive patients referred for 24 hour oesophageal pH monitoring, a probability calculation was used to evaluate the relation between symptoms and reflux episodes. Oesophageal exposure to acid was normal in 462 of 771 recordings (59/9%); despite this, 70-8%
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Several studies, using pH monitoring with event markers, have identified patients with normal oesophageal exposure to acid despite an apparent relation between symptoms and reflux episodes. In this series of 771 consecutive patients referred for 24 hour oesophageal pH monitoring, a probability calculation was used to evaluate the relation between symptoms and reflux episodes. Oesophageal exposure to acid was normal in 462 of 771 recordings (59/9%); despite this, 70-8% (327 of 462) of these patients used at least once the event marker. In 96 patients (12.5% of total patients) with normal oesophageal exposure to acid, there was a statistically significant association between symptoms and reflux episodes. The symptom cluster of such patients was similar to that usually seen in patients with gastro-oesophageal reflux disease, but symptoms like belching, bloating, and nausea were common thus overlapping with the symptom pattern of functional dyspepsia. In these patients both the duration and the minimum pH of reflux episodes (either symptom related or asymptomatic) were significantly shorter and higher, respectively, when compared with those of patients with gastrooesophageal reflux disease. These results are consistent with the idea that oesophageal hypersensitivity to acid is the underlying pathophysiological feature of this syndrome. (Gut 1995; 37:457-464) Keywords: pH monitoring, gastro-oesophageal reflux, symptom reflux relations, visceral perception.
Ambulatory oesophageal pH monitoring is currently regarded as the most objective means for detecting and quantifying gastrooesophageal reflux. It also represents the most sensitive diagnostic investigation for gastrooesophageal reflux disease. 1 The availability of modem portable data loggers with one or more event markers has permitted a better understanding of the relations between symptoms and reflux episodes occurring during 24 hour oesophageal pH monitoring. When the relation of oesophageal exposure to acid with symptoms is considered, four possibilities exist -that is, abnormal oesophageal exposure to acid with or without temporal relation between symptoms and reflux episodes and normal oesophageal exposure to acid without or with temporal relation between symptoms and reflux episodes.
Patients with both normal oesophageal exposure to acid and apparent temporal relation between symptoms and reflux episodes have been identified in several studies, including ours.2-10 Some indices have been proposed to assess the strength of this relation, including symptom specificity index10-13 and symptom sensitivity index.'3 Unfortunately, cut off values of these indices have been chosen arbitrarily and often differ from one study to another. In addition, it should be considered that some symptoms may occur simultaneously with reflux episodes only by chance. To overcome these limitations, Ghillebert et al 14 recently proposed the evaluation of the relation between symptoms and reflux episodes by using a probability calculation based on the binomial law. Although not perfect in theory, this method has the advantage of describing that strength of the association without any previous arbitrary choice. In fact, the association can be regarded as significant if the p value is less than the generally accepted value of 5%.
We have recently adopted this method to calculate the probability that symptoms and reflux episodes occur simultaneously only by chance in a large series of consecutive patients referred to our laboratory for 24 hour oesophageal pH monitoring. Among this large number of subjects, we identified a subset of patients characterised by normal oesophageal exposure to acid and a significant association between symptoms and reflux episodes who seem to have an 'acid hypersensitive oesophagus'. In this study we therefore tried to define the frequency of the acid hypersensitive oesophagus syndrome and its main clinical picture, and to compare -in patients with both normal and abnormal oesophageal exposure to acid -the results obtained with probability calculation with those derived from previously described symptom indices. During these studies, the reproducibility of pH monitoring in the evaluation of symptom reflux relations was also assessed. . Periods of eating, drinking, and supine position were specified by patients on a diary card. At the start of the recording, patients were carefully instructed to press the event marker button if they had a symptom. This recommendation was also emphasised on the diary card. After the 24 hour pH monitoring, the data were downloaded from the digital data logger to an IBM computer and the recorded data were analysed by using a dedicated software (EsopHogram 5.5) written by Gastrosoft (Dallas, USA). Apart from the usual reflux parameters (% time below pH 4 and characteristics of reflux episodes), three indices were calculated to measure the strength of the relation between symptoms and reflux episodes: the probability that symptoms and reflux episodes occurred simultaneously by chance,14 the symptom specificity index,'0 12 and the symptom sensitivity index.'3 For the evaluation of the temporal relation between symptoms and reflux episodes, pH tracings were reviewed and a symptom and a reflux episode were considered causally related if a symptom occurred during the reflux episode itself or within two minutes after it finished.
The probability (p) that symptoms and reflux episodes occurred simultaneously by chance was obtained by summing a number of partial probabilities, each of which was obtained by using the binomial formula, described later'4: n! n! pr (1 -p)n-r r! (n-r)! where n is the total number of symptom episodes signalled by the patient; r ranges from the actual number of symptom episodes that occur during or within two minutes of the end of a fall in pH below 4 to n; p is the probability that one symptom episode occurs during or within two minutes of the end of a fall in pH below 4 The symptom specificity index, which determines the percentage of reflux related symptom episodes, was calculated as described by Wiener et al 10 whereas the symptom sensitivity index, which calculates the percentage of symptom related reflux episodes was quantified according to Breumelhof and Smout.13 Statistical evaluation of data The pH data are presented as median values with interquartile ranges. Student's t test was used to compare the mean duration and minimal pH between the symptom related reflux episodes and the asymptomatic reflux the frequency of the acid hypersensitive oesophagus syndrome was slightly but significantly higher when pH monitoring was performed in an outpatient basis (2077% v 10-9%, p<0 01). Table I summarises the clinical characteristics of these patients. Seventy four of these patients also had upper gastrointestinal endoscopy within one month prior to pH monitoring.
The sex ratio (male/female) was not statistically different from that of the whole patient population (45 and 51 With regard to typical symptoms of reflux, heartburn, regurgitation, and epigastric burning were reported by 76%, 57%, and 50% of patients, respectively. Many patients also complained of belching (68%), or dyspeptic symptoms (for example, bloating, nausea, vomiting, early satiety, loss of appetite), or both (Fig 2) . Otherwise, non-cardiac chest pain, ear, nose, and throat symptoms, and respiratory symptoms were seen in 27/8%, 47-8%, and 33 3% patients, respectively. The predominant symptoms (that is, the symptoms leading the patients to seek medical care) were digestive symptoms (74.4%), respiratory symptoms (14.0%), ear, nose, and throat symptoms (6.9%), or non-cardiac chest pain (4.7%). The duration of symptoms ranged from 0.5 month to 17 years (median: 24 months). In those patients in whom endoscopy was performed, it mostly showed a normal oesophageal mucosa and a mild oesophagitis in most of the other patients (Table I) .
Frequency of symptom episodes, reflux episodes, and reflux related symptom episodes In the 96 patients, 1161 symptom episodes and 3306 reflux episodes were registered during the 24 hour pH monitoring. Five hundred and three of 1161 symptom episodes (43.3%) were reflux related as previously defined. Forty three patients (44.8%) had more than four reflux related symptom episodes. Table II shows the results of pH monitoring in the 96 patients.
Probability, symptom specificity index, and symptom sensitivity index Figure 3 shows the distributions of probability (-log), symptom specificity index, and symptom sensitivity index in patients with acid hypersensitive oesophagus syndrome. The probability was <0.01 in 71 patients and <0-001 in 41 patients (Fig 3A) . Nine patients had a symptom specificity index lower than 25%, 48 patients equal or greater than 50%, --C1, ;DyWmplv8 p and 23 patients equal or greater than 75% (Fig 3B) . The symptom sensitivity index was lOo1/0% in 70 patients and ¢20% in 38 patients (Fig 3C) . When symptom specificity index and symptom sensitivity index were considered together, it was found that 33 (34 4%) patients had a symptom specificity index e>50% with a symptom sensitivity index ¢s10%. No patient had a symptom specificity index <25% and a symptom sensitivity index < 10%.
There was a poor albeit significant (p<005) correlation between probability (-log) and symptom specificity index in both patients with acid hypersensitive oesophagus syndrome and with gastro-oesophageal reflux disease ( Fig 4A  and Fig 5A) . In contrast, a strong and significant (p<0-0001) correlation was seen between probability (-log) and symptom sensitivity index (Fig 4B and Fig 5B) . As expected, symptom specificity index and symptom sensitivity index were inversely related to each other (Fig 4C) , but the correlation in patients with gastro-oesophageal reflux disease ( Fig 5C) fell short off statistical significance. Table III shows mean duration and minimum pH of symptom related reflux episodes and asymptomatic reflux episodes in patients with acid hypersensitive oesophagus syndrome and those with gastro-oesophageal reflux disease. Symptom related reflux episodes had significantly longer duration (p<0.001) than the asymptomatic ones in total time and upright position, but not in supine position (p>0 05).
Characteristics of reflux episodes
Similarly, the minimum pH of symptom related reflux episodes was lower than that of asymptomatic ones in total time and upright position (p<0.001), but not in supine position (p>0 05).
When the characteristics of symptom related (as well as asymptomatic) reflux episodes of patients with acid hypersensitive oesophagus syndrome were compared with those of patients with true gastro-oesophageal reflux disease, both the duration and minimum pH of the first group were significantly shorter and higher than those of the second, respectively.
Reproducibility ofpH monitoring in the assessment ofsymptom reflux relations During the study period, 13 of 96 patients were studied on at least two occasions by 24 hour pH monitoring. The median interval between the two pH recordings was 12 months (range 1-47 months). Despite this sometimes long interval between assessments, these patients always experienced nearly the same symptoms and used at least once the event marker during each of the 26 pH monitoring. In six of these 13 patients, the diagnosis of acid hypersensitive oesophagus syndrome -that is, patients with normal oesophageal exposure to acid and symptom related reflux episodes -was consistently made. In seven other patients, only one recording showed the pattern of acid hypersensitive oesophagus syndrome (Table IV) . Nine patients had normal oesophageal exposure to acid during the two pH recordings. Ten patients had a significant relation between symptoms and reflux episodes on both recordings but four of them had a discrepancy for oesophageal acid exposure between the two pH recordings (Table IV) . Oesophageal exposure to acid never exceeded 6-7% of the total time, however, and, albeit abnormal, it always remained very close to the upper limit of normality (4.2%). While analysing symptom reflux relations, two important limitations should be taken into account. Firstly, according to our own experience2 only half of the patients used the event marker and in only 50% of the cases are symptoms perceived by the patients reflux related. Performing 24 hour pH monitoring outside the hospital setting could improve the diagnostic yield of the technique as shown in this study. Secondly, there is no uniform agreement on how to measure the strength of association between symptoms and reflux episodes. Indeed, although some indices are currently used, different cut offvalues are used by different groups of investigators. As symptoms may occur simultaneously with reflux episodes only by chance, a more scientifically sound approach could be the one recently described by Ghillebert et al,14 which is based on probability calculation. In our investigation we have therefore adopted this approach to Symptom specificity index (%) Figure 4 : Correlations between probability (-log) and symptom specificity index (A), probability (-log) and symptom sensitivity index (B), and symptom specificity index and symptom sensitivity index (C) in 96 patients with normal oesophageal exposure to acid and statistically significant association between symptoms and reflux episodes during 24 hour pH monitoring. Symptom specificity index (%) Figure 5 : Correlations between probability (-log) and symptom specificity index (A), probability (-log) and symptom sensitivity index (B), and symptom specificity index and symptom sensitivity index (C) in 92 patients with abnormal oesophageal exposure to acid and statistically significant association between symptoms and reflux episodes during 24 hour pH monitoring (that is, with gastro-oesophageal reflux disease). TABLE III Duration and minimum pH (mean (SEM)) ofsymptom related reflux episodes and asymptomatic reflux episodes in patients with normal (n= 96) or abnormal (n= 92) oesophageal exposure to acid and statisticaUly significant association between symptoms and reflux episodes during 24 hour pH monitoring (that is, acid hypersensitive oesophagus (AHO) and gastro-oesophageal reflux disease (GORD), respectively) The symptom cluster of patients with acid hypersensitive oesophagus syndrome is similar to that usually seen in patients with gastrooesophageal reflux disease, but symptoms like belching, bloating, and nausea are common thus overlapping with the symptom pattern of functional dyspepsia. As most patients with reflux. related symptoms but with normal oesophageal exposure to acid had a normal oesophageal mucosa at endoscopy (and the remaining only a mild oesophagitis), they should represent the patients with true reflux like dyspepsia. What indeed has been classified as reflux like dyspepsia18 is actually gastrooesophageal reflux disease, which encompasses reflux oesophagitis, that is gastro-oesophageal reflux with unequivocal changes within the oesophagus and non-erosive gastro-oesophageal reflux disease -that is, symptomatic reflux proved by objective means, without changes being demonstrated.
The exact mechanisms by which reflux causes oesophageal symptoms are still poorly understood and it is unknown whether symptoms arise directly through activation of chemoreceptors'9 or, indirectly, as a result of motility disturbances or mechanical distension of the oesophagus secondary to reflux. It is now well established, however, that, in patients with gastro-oesophageal reflux disease, about 80% of reflux episodes are symptom free, regardless of the severity of oesophageal lesions.20 Why some reflux episodes are perceived by the patient and some others are not is also unknown. In agreement with Baldi et al 20 and Smith et al 21 who studied small series of patients with reflux oesophagitis, we found that symptom related reflux episodes lasted longer than those not perceived by the patient. In addition, both the duration and the minimum pH of reflux episodes (either symptom related or asymptomatic) were significantly shorter and higher, respectively, in patients with acid hypersensitive oesophagus syndrome when compared with those of patients with 'classic' gastro-oesophageal reflux disease. These data clearly suggest the presence of 'hypersensitivity' to acid in the first group of patients.
Results of our investigation are consistent with the idea that acid contact time is one important contributing factor to oesophageal sensitivity. The pH of refluxate also seems to be a critical factor in the perception process. Indeed, we were able to show that when reflux episodes were perceived, pH dropped to a value that was significantly (p<0 001) lower than that seen with asymptomatic reflux episodes. And this is true for both acid hypersensitive oesophagus and gastro-oesophageal reflux disease patients. Why the comparatively short lasting (1 -28 (0.08) min) and less acidic refiux episodes occurring in the subset of patients with normal oesophageal exposure to acid are perceived still remains unclear. Factors other than acidity can result in an increased pain perception, including volume of the refiuxate and non-acidic components.
Whether an increased sensitivity to mechanical stimuli is an additional pathophysiological feature of these patients, as described by Janssens and Vantrappen22 in non-cardiac chest pain patients with the so called 'irritable oesophagus syndrome,' is presently unknown.
If the assumption is accepted that, despite lack of mucosal injury, patients with acid hypersensitive oesophagus syndrome have an increased oesophageal perception as underlying cause, therapeutic effort should be directed to reduce such increased sensitivity. Unfortunately, not all available drugs (namely 5-HT3 antagonists and opioids), capable of reducing visceral perception in the lower gastrointestinal tract, seem to be effective in the upper gastrointestinal tract.23 Therefore, reduction of the stimulus intensity remains at present the only alternative in clinical practice. Provided that the acid is the major stimulus, antisecretory compounds should be the drugs of choice. The reported finding of a reduction of oesophageal sensitivity by famotidine in gastro-oesophageal reflux disease patients24
suggests that H2 blockers, besides reducing acid secretion, might interfere with the neural pathways controlling visceral perception and give a further rationale for the use of this class of drugs in such a subset of patients.
